Induction of immediate early gene expression by high-frequency stimulation of the subthalamic nucleus in rats.
Deep brain stimulation is associated with delayed improvement of parkinsonian symptoms, such as hypokinesia with subthalamic nucleus stimulation, or dystonia with globus pallidus internus stimulation. The latency observed is better explained by molecular alterations than immediate electrophysiological processes, and clinical improvement may involve adaptive gene expression. Here, we have studied immediate early gene expression as fast molecular response to subthalamic nucleus stimulation. Bipolar electrodes were implanted bilaterally into the subthalamic nucleus of anesthetized male Wistar rats. High-frequency stimulation (130 Hz or 80 Hz, 60 micros, 300 microA) or low-frequency stimulation (5 Hz, 60 micros, 300 microA) was performed with the right electrode for 15, 60, 120, and 240 min whereas the silent left electrode served as negative control. Brains were fixed by transcardial perfusion and frozen sections were stained with polyclonal antibodies directed against three immediate early gene-encoded proteins, c-Fos, c-Jun, and Krox-24 (NGFI-A, Egr-1, Zif268, Tis8, Zenk). After 120 and 240 h, c-Fos immunoreactivity was strongly upregulated in subthalamic nucleus neurons on the stimulated site. In contrast, no c-Fos immunoreactivity was detected on the non-stimulated site except for single positive cells located in close proximity to the electrode tracks. Furthermore, c-Fos immunoreactivity was induced in subthalamic nucleus projection areas, such as primary and secondary motor cortex, primary somatosensory and insular cortex, lateral and medial globus pallidus, suprageniculate thalamic nucleus, pontine nuclei, medial geniculate nucleus, and substantia nigra. Similarly, c-Jun and Krox-24 were induced at the site of stimulation and in projection areas following high-frequency subthalamic nucleus stimulation. Whereas high frequency stimulation with 80 Hz was similarly effective none of the three immediate early gene-encoded proteins was induced with low-frequency stimulation (5 Hz) for 4 h. This is in accordance with the therapeutic effects of deep brain stimulation which are only elicited with high frequency stimulation. Our data provide evidence that immediate early gene expression in the subthalamic nucleus is rapidly and substantially induced by high-frequency stimulation. The induction of immediate early genes in projection sites suggests ipsilateral transsynaptic modulation of neuronal activity.